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The implications of water storage for human 
settlement in Mediterranean waterless 
islands: The example of Pantelleria 


S. Mantellini 


Department of History and Cultures, University of Bologna, Via San Vitale 28, 48121 Ravenna, Italy 


Consistent water supply is a common issue in the history of Mediterranean civilizations, where hydraulic 
solutions, such as cisterns, wells, reservoirs and aqueducts, were adopted for private and public supply. 
In this context, the island of Pantelleria, where surface freshwater is virtually non-existent, represents a 
unique case for understanding human-environment interaction in waterless environments. Here, in 
historical times, year-round water supply was only possible through the storage of rainwater in 
underground cisterns. An intensive field survey carried out across the island led to the discovery of 
hundreds of cisterns dated from the Punic and Roman periods to the present day. The study of the spatial 
distribution of the cisterns was compared with archaeological data on the island to gain new insights on 
historical settlement and demographic patterns. The present work focusses on a semi-quantitative 
assessment of water storage on the island of Pantelleria based on the evaluation of potential volumes of 
stored water for different periods. Data available for cisterns in Pantelleria have been analysed and 
compared with those from coeval Mediterranean regions. Calculations on the seasonal fluctuation 
between water demand and supply have been estimated to evaluate the efficiency of such system for 


sustaining human population and subsistence activities through time. 


Keywords: Cisterns, Water storage, Pantelleria Island, Bottle-shaped cisterns, Archaeological survey 


Introduction 

The cisterns of Pantelleria were the subject of a specific 
research within the Archaeological Map of Pantelleria 
Island Project (Cattani and Tosi 1997; Tosi and Tusa 
2006). The investigation methods, the description of 
the main morphological features of the cisterns, as 
well as their building technique, their shape and the 
issues connected to their typological and chronologi- 
cal attribution have previously been discussed else- 
where (Castellani and Mantellini 2001, 2003, 2006; 
Mantellini 2006, 2007, 2014). The main goal of the 
present work is therefore to analyse the social and 
economic implications that the cisterns might have 
had in the historical development of the human settle- 
ment on Pantelleria. 


Environmental Settings 

Pantelleria is a volcanic island of 82 km? located in the 
middle of the Sicily Channel (Fig. 1). It is the summit 
of a massive volcano submerged in the sea (Rittmann 
1967, 178). Halfway between Sicily and Tunisia, the 
island represents a seamark in the navigation routes 
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interconnecting the central Mediterranean (Abelli 
2012a). In his periplus, probably dated to the mid- 
4th century BC, Pseudo-Scylax (Muller 1855, 89) 
refers to I-day navigation from Capo Bon, near 
Carthage, to Cossyra (Pantelleria in classical historical 
sources) plus one more day from Cossyra to Capo 
Lilibeo in Sicily. 

The morphology of the island is characterised by an 
uneven and indented coastline (Fig. 2), whereas its vol- 
canic origin makes the inland hillier and very irregular 
because of several inactive small craters. The land- 
scape is dominated by Montagna Grande (840 m asl) 
and Monte Gibele (700m asl), located near the 
centre of the island. On the inland the flat areas suit- 
able for extensive cultivation are Ghirlanda, 
Monastero and Mueggen. The total flat surface, 
including the area of Margana exploited for the local 
airport, accounts to only 5-42 km? that corresponds 
to 6-5% of the island’s surface. 

There are no springs, rivers, nor any other signifi- 
cant freshwater sources on the island. The volcanic 
rock causes the rainfall to be absorbed by the 
porous tuff so that it sinks rapidly until forming a 
thin lens floating over the densest seawater (Belvisi 
1998, 2-7). 
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Figure 1 Pantelleria and the main settlements mentioned in this article within the Mediterranean basin (© Simone Mantellini). 


Figure 2. The island of Pantelleria with indication of the most relevant localities, geographical features and line of the buvire (on 
the background the 1998 aerial photograph). 
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Table 1 Average monthly precipitation at Pantelleria over the period 1926-1985 (Duro et al. 1996 in Gianguzzi 1999, 21, table 2) 


Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec Total 
Mm 64-4 43-4 31-3 26-4 12.4 4.0 0-5 8-8 32:3 58-1 64-3 63-0 408-9 
rainy days 9 6 7 4 3 1 0 1 3 6 7 9 56 
Table 2 Average monthly temperature at Pantelleria over the period 1979-1992 (Gianguzzi 1999, 21, table 1) 
Jan Feb Mar Apr May June Jul Aug Sep Oct Nov Dec Total 


°C 11-7 11-9 12-6 15-0 18-3 22-7 


25-2 25:6 23-6 20:6 15-9 13-6 18-1 


The fact that Pantelleria was not considered an 
optimal location for living in antiquity is well 
described by coeval sources. In the Ist century BC 
Ovid (Fasti III, 567) refers to the island as ‘sterile’, 
and later Seneca (Dialoghi XII, 6,4) depicts it as a 
‘desert and very harsh place’. Fishing plays a marginal 
role (Bonasera 1965, 71; D’Aietti 2008, 114) and the 
local economy has always been based on rain-fed agri- 
culture and cultivation tolerating the arid climate. The 
result of this long-term agricultural exploitation of 
the slopes is the terraced landscape that characterises 
the island (Barbera and La Mantia 1998, 25). The 
terraces are built with stones that fulfil multiple pur- 
poses: first, they make a hilly land suitable for cultiva- 
tion; second, the terraces mark the boundary between 
the field properties; third, they provide a limited 
supply of water due to dew condensation during the 
night. 

The xerothermic climate (Barbera et al. 1997, 236), 
the low precipitation (408-9 mm/year; Table 1), the 
high average temperatures (18-1°C, Table 2) and the 
winds that blow almost incessantly all year round 
make Pantelleria a waterless land in the middle of 
the sea. 


Historical and Archaeological Background 

The earliest traces of human occupation in Pantelleria 
date back to the Neolithic (6th millennium BC). The 
remains of a lithic workshop for obsidian working 
were found at Punta Fram and near the modern cem- 
etery of Pantelleria city (Orsi 1991, 41-42; Nicoletti 
2012). Many tools, ornaments and weapons made of 
obsidian from Pantelleria discovered in Sicily, Malta, 
Tunisia, Southern France and other Mediterranean 
contexts testify to a consistent human presence on 
the island in that period (Cattani and Tosi 1997, 245; 
Tusa 2003, 15). 

The first evidence of a permanent human occu- 
pation of Pantelleria is provided by the Bronze Age 
(late 3rdlate 2nd millennia BC) village at Mursia 
and the Sesi necropolis (Tozzi 1978; Orsi 1991, 
23-40, 43-59). It was a terraced settlement covering 
1-25 ha on the northwestern coast of the island. The 
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radiocarbon analyses of the samples from the recent 
excavations allow to posit the site occupation 
between 2195 cal BC and 1320 cal BC (Cattani et al. 
2012, 641-642). The finds suggest a mixed agricultural 
and pastoral economy (Cattani and Tusa 2012), 
whereas the pottery indicates a wide range of contacts 


with the contemporary facies in the central 
Mediterranean basin, especially Sicily (Nicoletti 
2009, 31). 


It has been argued (Ercoli 2000, 63; D’Aietti 2008, 
98-99; Mantellini 2014, 76) that the early water 
supply of the island was based on wells, locally 
known as buvire, dug in the volcanic rock until reach- 
ing the water table. The existence of one buvira inside 
the Bronze Age settlement of Mursia seems to confirm 
this assumption. However, the water drawn from the 
buvire might be salty and unhealthy, and recently 
they have been exploited only for animals in case of 
severe drought (Bonasera 1965, 17). 

In the period between the end of the Bronze Age site 
of Mursia, in the late 14th century BC, and the arrival 
of the Phoenicians, Pantelleria was apparently unin- 
habited (Cantarelli 1987, 49; Moscati 1988, 200; 
Tusa 2003, 18; Capozzoli and Osanna 2009, 197). 
Few materials of the 8th century BC were found on 
the Acropolis during excavation (Capozzoli and 
Osanna 2009, 195; Schafer 2012, 125) and intra-site 
survey (Almonte 2013, 349). Orsi (1991, 92-97) 
reported on six Archaic Punic terracottas from Lago 
di Venere then dated by Bisi (1970, 25) to the second 
half of the 7th century BC. That period is also attested 
by some finds from the survey around the Acropolis 
(Almonte 2005, 157; 2013, 349-350), as well as by 
many amphorae collected during the surface investi- 
gations across the island (Baldassari and Fontana 
2002, 971; 2006, 55). It is still under debate whether 
at that time Pantelleria was simply a port of call or a 
real Punic settlement in the Mediterranean. The 
importance of the island increased considerably 
during the Carthaginian expansion and colonization 
of the western Mediterranean (Verger 1966, 255). 
Cossyra certainly acted as a military and logistic 
outpost of Carthage during the wars against Rome 
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for the leadership on the Mare nostrum in the 4th—3rd 
centuries BC (Abelli 2012b, 283). This is well reflected 
in the increasing archaeological material dated to the 
Late Punic period, i.e. the 3rd and 2nd centuries BC 
(Osanna 2006, 49; Osanna 2009, 333; Abelli 2012c, 
112f.). Again, the main discoveries come from the 
survey (Almonte 2013, 358-359) and the excavations 
carried out by the German-Italian team (Osanna 
et al. 2003; Schafer 2012) in and around the 
Acropolis. Further hints for that period are then pro- 
vided by the amphorae (Baldassari and Fontana 
2006, 55; Baldassari 2012, 191) and the many ship- 
wrecks found and excavated by underwater investi- 
gations (Baldassari and Fontana 2002, 957; Abelli 
2007, 2012d). 

In 217 BC Cossyra was annexed to the Roman pro- 
vince of Sicily and thus joined the Roman sphere. The 
data from the survey of the Acropolis suggest that it 
reached its largest extension in the Ist century AD 
(Osanna 2004, 13; Almonte 2005, 167), and that the 
island was densely settled and exploited throughout 
the first Imperial period (Abelli 2012c, 113). The 
most significant discovery was provided by the 
marble busts representing Julius Caesar, Antonia 
Minor and Titus, which had been discarded in a 
cistern on top of the Acropolis and discovered in 
2003 (Schafer 2004). 

Verger (1966, 265) claims however that the small 
island of Pantelleria remained at the periphery of the 
economy and political interest of the Roman Empire, 
so that the Carthaginians tradition and culture sur- 
vived the Romanization process. Remarkable on this 
matter is that even after Carthage was razed in 146 
BC, at Pantelleria the coins were minted with a Latin 
legend but maintained a typical Punic iconography 
(Orsi 1991, 102; Cerasetti 2000; Cutroni Tusa 2006, 
298). 

In the Late Roman period, especially in the late 
4th—half Sth centuries AD, Pantelleria was connected 
to the pottery trade produced locally and known as 
‘Pantellerian Ware’ (Santoro Bianchi et al. 2003). 
The main discoveries came from the excavation of 
the village at Scauri Scalo, which was the main place 
of production of Pantellerian Ware and its small 
harbour served as the locus for its sea trading (Abelli 
et al. 2006; Marazzi and Tusa 2007). 

The real development of the island, since the Punic 
age onward, can be explained only by the construction 
of hundreds of cisterns, which ensured the supply of 
water for all daily needs and activities. This of 
course reflects the close connection with Carthage 
and the Punic people, whose experience and skill in 
building underground water cisterns are largely 
attested to in many Mediterranean settlements, 
especially in small waterless islands (Contenau 1926, 
286; Fantar 1975). 


Water Cisterns on Pantelleria 

The intensive survey carried out across the island, and 
the following excavations at the Acropolis and Scauri 
Scalo, resulted in the discovery of 692 cisterns 
(Mantellini 2014, 77, table 1) (Fig. 3). All the cisterns 
were considered during the fieldwork without discrimi- 
nating between ancient and modern examples. The 
only caveats depended on the fact that a considerable 
number of cisterns (136, 19-65%) were unclassified 
because they are still in use and thus are shut and 
locked. It is impossible to assign these structures to a 
certain chronological typology without inspecting 
their interior. 

According to the shape and the profile of the inner 
chamber, the cisterns can be classified in four main 
types: bottle-shaped, vaulted, rectangular and well- 
shaped (Table 3). The most widespread type is the 
bottle-shaped, which is found in 338 cases (48-84%). 
Beside the cisterns which preserve their original 
‘bottle’ profile, this account considers the 18 (2-60%) 
original bottle-shaped cisterns remade later with a 
vaulted roof, as well as the 47 (6-79%) examples classi- 
fied as potential bottle-shaped. The latter consists of 
those cisterns abandoned amid fields and almost 
entirely filled with earth. In this case the profile is 
not recognisable at all but the ‘bottle’ shape is 
suggested by the very short width between the upper 
part of the remaining walls (Mantellini 2014, 79-80, 
fig. 7). There are 190 cisterns with a vaulted roof 
(27-45%), whereas the rectangular and the well- 
shaped typologies are both 14 (2:02% each one). 

Although ‘cisterns are notoriously difficult to date’ 
(Wilson 2000, 11; for Pantelleria see Mantellini 2006, 
472-473; Mosca 2009, 53-59), the assignment of 
each type to a specific age of construction can be 
attempted on the basis of the different building 
techniques employed. Cisterns with a bottle-shaped 
profile were discovered in many Mediterranean settle- 
ments and they usually refer to a Punic-Hellenistic 
tradition (Riera 1994, 308) that is also common to 
the Roman world (Wilson 2008, 287). They are par- 
ticularly attested in Carthage and North Africa, and 
in the islands of Sicily, Sardinia, Ibiza and Crete. In 
this first comparison, it is worth mentioning that the 
use of the corbelled-arch in the ancient cisterns of 
Pantelleria results in a pronounced and narrow neck 
with a typical ‘bottle’ profile (Fig. 4). Elsewhere 
these cisterns have a rounded and smoothed profile 
recalling rather a ‘bell’ or a ‘pear’ shape (Mantellini 
2014, 92). The widespread use of those bottle-shaped 
cisterns in Pantelleria can be interpreted as the result 
of the strong Carthaginian legacy combined with the 
later Hellenistic influx in the central Mediterranean 
(Mantellini 2014, 90-91). At Scauri Scalo, for 
example, the survey and the excavation proved the 
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Figure 3 Distribution of cisterns after the survey (white: bottle-shaped type; black: other types) (© Simone Mantellini). 


occupation of the area only during the Late Roman 
period (end 4th—half 5th centuries AD) but in connec- 
tion with the bottle-shaped cisterns (Abelli et al. 2006; 
Mantellini 2007). This situation is testified also in 
Sardinia, where the typically Punic bathtub cisterns 
were still built in the Roman period (Crasta et al. 
1982, 43; see more on the persisting Punic tradition 
in the Mediterranean after Romanization in Van 
Dommelen 2006, 10-12). 

The bottle-shaped cisterns share two important 
features with the most common examples of Punic 


Table 3 Cisterns capacity classification from the Pantelleria 
survey according to type and percentage of cisterns 


Total Capacity available 
Type n % Total n % Total % Type 
Bottle-shaped 273 39-45 67 9-68 24.54 
Bottle-shaped remade 18 2-60 8 1-16 44.44 
Bottle-shaped potential 47 6-80 3 0-43 6-38 
Vaulted ancient 1 0-15 1 0-15 100 
Vaulted modern 71 10-26 14 2.02 19-72 
Vaulted undated 118 17-05 19 2.74 16-1 
Rectangular 14 2.02 - - - 
Well-shaped 14. 2.02 7 1-01 50 
Unclassified 136 19-65 11. 1-59 8-09 
Tota 692 100 128 
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tradition. The first is their elliptical and narrow plan 
with rounded corners (Fig. 5), which is largely found 
in Carthage and in areas of Punic influence (Barreca 
1964, 136; Schwartz 1981, 50; Vann 1981, 10; Fantar 
1992, 325; Lancel 1995, 169). They are usually 
known as ‘bathtub’ (Fantar 1975, 11), ‘cigar-shaped’ 
(Wilson 1998, 67) or “bagnarola’ when referring to 
the examples from Sardinia (Crasta et al. 1982, 39; 
Mezzolani 1997, 123; Pesce 2000, 171). The bathtub 
cisterns have the cover made with squared slabs, 
either laid flat or pitched in pairs against each other, 
while the bottle-shaped variant of Pantelleria always 
has a flat roof made by slabs placed side by side. The 
cisterns with such an elliptical and elongated plan 
are usually considered more easily maintained and 
suitable to preserve water quality and freshness 
(Bruno and Renna 2000, 75; T6lle-Kastenbein 2005, 
133). The second common feature is that very often 
the cisterns of Punic origin and tradition were 
exploited for many centuries after their construction. 
In Carthage it was found to have occurred in 
Hellenistic and Roman periods and even later 
(Schwartz 1981, 51; Wilson 1998, 68). In Sardinia 
they persisted until the 19th century (Crasta et al. 
1982, 39), whereas in Pantelleria and in rural areas 
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Figure 4 Typical bottle-shaped cistern of Pantelleria, now reused as storage (cistern no. 418, contrada Serraglio; © Simone 


Mantellini). 


of Ibiza (Ramon Torres 2010, 84) and Crete 
(Angelakis and Spyridakis 2010, 646; Mays ef al. 
2013, 1918) they are still being used. 

The second type of cisterns discovered in Pantelleria 
has a vaulted roof. The dating of these cisterns is rather 
questionable because the arch was largely used in 
engineering and hydraulic structures as early as the 
Roman period until the recent introduction of 
modern cement. In this case it is therefore extremely 
difficult to assign a chronology without a clear strati- 
graphic association with other structures and archaeo- 
logical finds. Only few cisterns discovered in 
Pantelleria can be certainly dated as Roman. Some 
examples come from the excavation on the Acropolis 
(Schén 2014), and one is the cistern no. 680 from the 
excavation of UT 1100 at Scauri Scalo (Abelli et al. 
2006, 2450; Mantellini 2007, 132). Otherwise their 
dating to modern times (19th—20th centuries AD) is 
due to interviews with local inhabitants. 


Finally, the minor typologies of rectangular and 
well-shaped cisterns can be firmly dated after the 
Second World War as testified by the use of cement 
as well as interviews with the local inhabitants. 


Cisterns as Marker of Settlement Patterns 

According to Clark (1944, 69) ‘the connection between 
human settlement and sources of water offers a cardi- 
nal clue to the location of ancient sites’. In a waterless 
territory such as Pantelleria, the water supply has 
always been based on the collection and storage of 
rainwater. The cisterns can therefore be exploited not 
only as a marker of human presence (Castellani and 
Mantellini 2003, 51; Mantellini 2014, 91) but to a 
greater extent for attempting an historical assessment 
of the distribution of settlements (Mantellini 2014, 
91-92). If, on the one hand, the archaeological finds 
are subjected to secondary deposits, due to terracing 
(Santoro Bianchi 2003, 11; Monti 2004, 1156-1157), 
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Figure 5 The elliptical plan with rounded corners typical of the Punic cisterns. An example from the excavation of the Acropolis 
of San Marco. On the right the remains of other two bathtub examples (Courtesy of Thomas Schafer, Grabungsarchiv Pantelleria, 


Institut fir Klassische Archaologie, Universitat Tubingen). 


and building stones are usually re-employed, the cis- 
terns instead have stood in the same place where they 
were originally built. 

Cisterns, public buildings, houses, architectonic 
remains and material culture make of the Acropolis 
of San Marco and Santa Teresa the core of the 
island from the first Punic presence in the 8th 
century BC up to the Late Roman period (Sth 
century AD). The areas surrounding the Acropolis 
also show a remarkable occupation likely connected 
to the proximity with the Acropolis itself. Few data 
are available for the modern city of Pantelleria, 
between the Acropolis and the main harbour. It was 
certainly settled in ancient times, but the modern urban- 
ization has completely buried the major part of archae- 
ological evidence. Clusters of cisterns/settlements have 
been discovered in the areas suitable for agriculture 
like the flat areas of Mueggen and Monastero and the 
terraced slopes of Buccuram and Bonsulton on the 
eastern coast. The other cisterns found on the island 
suggest a dispersed settlement, and surveys validate 
that the most frequent sites are small farm units 
devoted to agricultural activities (Monti 2004, 1162). 

The distribution of the bottle-shaped cisterns 
throughout the whole island, even in remote places 
like Serraglio and Tikirriki, can be interpreted as a 
planned colonization of the entire inland territory 
(Castellani and Mantellini 2001, 11; Mantellini 2014, 
92). It reached its peak at least since the early 
Roman imperial period (Abelli 2012c, 112), if not 
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earlier, in the Late Punic time (Cantarelli 1987, 55). 
The continuity of many settlements between Punic 
and Roman times (Fig. 6) inferred by the survey 
data can be explained with the reuse of the cisterns. 
Even today no dwelling on the island is built without 
its own cistern. It is arguable that, since antiquity, 
the presence of cisterns has driven the choice of the 
most appropriate place for building houses, not only 
due to the labour investment required as hypothesised 
in Carthage (Vann 1981, 36), but as a sort of legacy of 
the same familiar lineage. 


Exploring Cistern Capacity 

The cisterns are considered as small-scale hydraulic 
project (Mays 2010, 227) simple in conception and 
easy to build. They are usually in connection to 
houses for domestic water supply and they are still 
widespread in the Mediterranean. Historically, cisterns 
can be found alongside aqueducts (Télle-Kastenbein 
2005, 129-130) or when it was impossible to 
implement more complex hydraulic solutions 
(Crouch 1993, 124). To better understand the impli- 
cations of the use of cisterns, in planning human settle- 
ments in arid areas, it is useful to consider their 
capacity from the archaeological data. 

In Pantelleria, considerations on the capacity of the 
cisterns regard both those found during the survey and 
those from excavations. On this matter it is right to 
note that the cisterns discovered during the survey 
were not measured by means of topographical or 
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Figure 6 Distribution of bottle-shaped cisterns in relation to the presence of Punic (left) and Roman (right) finds. © Simone Mantellini. 


electronic equipment. It would have been impossible 
due to the high number of examples found, as well 
as because many of them are in locations difficult to 
access. The measurement was manual using a tape 
measure otherwise it was provided by the owner of 
the cisterns. The evaluation was possible for 128 


eA Ts 


examples (18-50%). It is worth noting that the 
modern use of ancient bottle-shaped cisterns, includ- 
ing some which were remade, enabled our knowing 
the volume for many examples of this type. The 
volumes were then divided according to cistern type 
and classes of 10 m? (Table 4). 


aaa OP 


Figure 7 The Acropolis from a 2008 aerial photograph. On the foreground San Marco Hill with the German-Italian excavation, in 
the background Santa Teresa Hill in the middle the saddle with the so-called ‘square’ (courtesy of the Soprintendenza dei Beni 
Culturali e Ambientali di Trapani, Regione Sicilia). 
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Table 4 Cisterns classification capacity from the survey 
according to type (bottle-shaped class includes also 
potential and remade examples; unclassified cisterns are not 
considered) 


Bottle- Vaulted Vaulted Well- 
Capacity shaped modern undated shaped Total 
0-10 m? 20 2 2 6 30 
10-20m? = 15 3 2 - 20 
20-30m? 12 3 3 18 
30-40 m? 14 1 4 - 19 
40-50m? 8 2 1 7 11 
50-60m? 4 1 4 10 
60-70 me - - = - - 
70-80m? 1 1 1 3 
80-90 m? 1 1 - - 2 
90-100 m® 1 - 1 = 2 
150 m? 2 - 2 
>160me = - 1 a 1 
Total 78 14 19 7 118 


The cisterns discovered during the survey have 
a capacity that ranges from 0-42 m° of a small 
bell-shaped cistern (no. 135) in Mueggen to 161 m* 
of an undated vaulted-roof cistern (no. 407) in 
Margana. No cisterns with a capacity between 100 
and 150m? were found, whereas only two bottle- 
shaped cisterns, no. 90 in Vercimursa and no. 641 in 
Mursia, both, measure 150 m?. 

Most of the ancient bottle-shaped cisterns, 69 over 
78 (88-5%) have a capacity under 50 m°, while there 
are only nine larger cisterns (11-5%). The most attested 
class, with 20 examples, is the small size cistern with a 
volume less than 10 m*, 

The modern vaulted-roof cisterns also have a 
volume almost equally distributed among the first 
classes, i.e. smaller than 60 m* (12 examples, 85-7%), 
with only one example (no. 664 in Cimillia) of 70 m? 
and another (no. 427 in Cuddia Bruciata) of 80 m*. 
Most of the well-shaped cisterns, even the modern 
ones, are small in size and they are less than 10 nm 
with the exception of cistern no. 550 in Khamma 
Fuori which is 51 m*. 

There are 19 undated vaulted cisterns and they cover 
different classes. Again, the first classes within the 60 nm? 
are the most representative (16 examples, 68-7%) but 
there are four examples between 50 and 60m*. 
Noteworthy, is the above-mentioned cistern no. 407 in 
Margana that is the largest found so far on the island. 

The data published on the cisterns found in strati- 
graphic contexts allowed some further considerations. 
They are 20 on the Acropolis of San Marco and Santa 
Teresa (Fig. 7) and four in Scauri Scalo. 

On the Acropolis (Schén 2014), where the archaeo- 
logical digging permitted the comparison with finds 
and structures, the cisterns were mainly classified 
according to the period of construction and exploita- 
tion (Table 5). Seven of the 11 cisterns (64%) dated 
to the Late Punic occupation of the 3rd—2nd centuries 
BC are included between the first class (I-10 m*). Two 
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Table 5 Cisterns classification capacity from the excavation 
of the Acropolis according to period (Sch6n 2014, 109, table 3) 


Capacity Punic (8rd-2ndc.BC) Roman (i1stc.BC) Total 


(o) 


O-10m? 7 
2 


3 
7 
- 4 
3 


wWwwW!l +-whROs 


(oe) 


1 
1 
1 


a 


No cistern exceeds 70 m? in volume. 


cisterns belong to the second class (10-20 m°), one 
(Z2) is 44 m? and another one (Z1) is 64-9 m*. In the 
early Roman imperial period (Ist century BC) the 
cisterns had volumes concentrated within 40 m? (12 
of 19, 73-7%) except for one example (Z1) measuring 
64-9 m* and another one (Z30) 63 m°*. The most 
numerous class is 10-20 m? with seven examples. 
Noteworthy, the first class (I-10 m*), so copious in 
the previous period, had now only three examples 
(Z3, Z12, Z17), all remade or reused Punic cisterns. 
The data available show how the volume increases 
during the Roman period, however no cistern had a 
capacity exceeding 70 m?. 

The three bottle-shaped cisterns found in the exca- 
vation of Scauri Scalo had the following capacities: 
cistern no. 681 is 3-8 m*, cistern no. 315 is 15-5 m?* 
and cistern no. 324 is 22-5 m? (Mantellini 2007, 136, 
table 2). The cistern no. 680 in UT 1100 is the only 
one with possibly a vaulted coverage. Although the 
upper layers and the roof are missing, it is arguable 
that its original volume did not differ much from the 
measured 22 m?. 

Elsewhere in the Mediterranean there are several 
settlements, especially those of Punic origin and 
influence, comparable to Pantelleria for either the 
environmental conditions or the role played by the cis- 
terns in the supply of daily water. Data on the volume 
of the cisterns come from excavations at Carthage and 
North Africa, Sicily, Sardinia, Spain and Ibiza, Greece 
and Crete. They are summarised in Table 6. 


Discussion 

The data from Pantelleria and other Mediterranean 
settlements allow for interesting comparisons and 
observations on the distribution, function and capacity 
of the cistern, as well as the daily use of water. 


Distribution and Function 

Many of the ancient cisterns of Pantelleria come from 
survey activities, hence without any clear stratigraphic 
and architectonical association. It is therefore difficult 
to establish the different uses and the context — private/ 
public, domestic/ production, storage/ritual, etc. — in 
which the cisterns were constructed. The fact that 
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Table 6 Cistern capacity from the Mediterranean settlements mentioned in this article as reported in the references or estimated on the basis of the data provided by the authors 


Capacity (m°) 


Region Place/excavation Type Chronology 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 100 >2000 >20,000 >50,000 Reference 
North Carthage — ‘Mago Bathtub Punic (3rd—2nd x x Rakob (1991), Tang (2005, 374-375, 
Africa Quarter’ c. BC) table 15) 
Carthage — Bathtub Punic (3rd—2nd x x Rakob (1991), Tang (2005, 374-375, 
‘Decumanus c. BC) table 15) 
Maximus’ 
Carthage — ‘Cardo X’ ~— Bathtub Punic (38rd-—2nd x x Rakob (1991), Tang (2005, 374-375, 
c. BC) table 15) 
Carthage — Byrsa Bathtub Punic x x Carrié and Sanviti (1979, 76-77, 
124) 
Carthage — Metroon Bathtub Late Punic, Roman x x Saumagne (1979, 300-301) 
Carthage — Bord} Barrel-vaulted Roman Wilson (1998, 81) 
Djedid 
Carthage — Antonine Barrel-vaulted Roman Tolle-Kastenbein (2005, 154), Wilson 
Baths (1998, 84) 
Carthage -La Malga__ Barrel-vaulted Roman Wilson (1998, 74) 
Carthage —SE Sector Barrel-vaulted Punic, Roman x Vann (1977), Vann (1981, 11, Chart 
(Michigan (bathtub 1) 
excavation) readapted) 
Ras ed-Drek Bathtub Punic x Fantar (1975, 15) 
Dougga Bathtub Punic (?), Roman x Baklouti (2010, 189), Baklouti (2014, 
43-51) 
Kalaat Bezzaz Bathtub Punic (?), Roman x Baklouti (2010, 204-205, note 65) 
Sicily Camarina — lurato farm Pear-shaped 5th-4th c. BC Di Stefano (1997, 26), Di Stefano 
(2000, 233), Di Stefano (2002, 21) 
Siracusa Conic Hellenistic x x Orsi (1891, 398-401), Collin-Bouffier 
(1987, 678) 
Morgantina Conic, cylindric Hellenistic x x x Judson (quoted in Crouch 1984, 
355), Bruno and Renna (2000, 
table 2) 
Butera — Fattoria lurato Bottle-shaped 6th—4th c. BC x Adamesteanu (1958, 370), Di 
Stefano (2000, 233) 
Manfria-Gela Rectangular 6th-4th c. BC x Adamesteanu (1958, 290), Di 
Stefano (2000, 233) 
Selinunte Various Hellenistic x Helas (2011, 270-271) 
Sardinia Cagliari Various Punic and Roman =x x Polastri (2001, 24) 
Tharros Mostly bathtub Punic x x Crasta et al. (1982, 41), Bultrini 
et al. (1996, 109), Mezzolani 
(1997, 123-124), Acquaro et al. 
(2002, 62-63), Mezzolani 
Andreose (2014, 146, table 1) 
Nora Mostly bathtub x x x Cespa (2014, 199-200, table 1) 
Olbia Bathtub x x Mezzolani (2010, 1774), Mezzolani 


Andreose (2014, 149) 
Continued 
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Table 6 Continued 


Capacity (m*) 


Region Place/excavation Type Chronology 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 100 >2000 >20,000 >50,000 Reference 
Ibiza/ Casa de los Bathtub Punic x Ramon Torres (2010, 846) 
Eivissa Gobernardores 
(Spain) (UE.4110) 
Acropolis Bathtub Punic x Ramon (1985, 69) 
Can Joanet-Puig d’es L-shaped 3rd-1st c. BC Ramon (1985, 97-98), Puig Moragon 
Jondal — Edifici B et al. (2004, 47) 
Can Sora-Ses Paises Bathtub 6th c. BC-3rd c. AD Ramon (1995, fig. 30), Puig Moragon 
de Cala d’Hort, Es et al. (2004, 31) 
Cubelles — Edifici A 
Can Corda Bathtub 1st c. BC x Puig Moragon et al. (2004, 51 
Spain Ampurias Various Punic, Hellenistic, x x Burés Vilaseca (1998, 76), Burés 
Roman (2000), Tang (2005, 121, 
388-389, table 25) 
Greece Crete Cylindrical Minoan (2700-1450 x Angelakis and Spyridakis (2013, 
BC) 566), Mays et al. (2013, 1919, 
table 1) 
Olynthos Bottle-shaped Hellenistic Robinson and Graham (1938, 308), 
Crouch (1993, 174-175) 
Santorini, Delos, Pear-shaped Hellenistic x* Mays et al. (2013, 1919-1920 


Aegina, Amorgos 
and Western Crete 


*Refers to average capacity. 
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Figure 8 Rural landscape with terraces and dammusi (© Keith Buhagiar). 


most of the Late Punic and Roman sites were inter- 
preted as small farmhouses (Monti 2002; 2004, 1162) 
suggests that the most numerous smaller cisterns 
found in Pantelleria were connected to domestic 
units and primarily exploited for private use. This is 
confirmed by the excavation at Scauri Scalo, where 
the houses of the Late Roman fishermen community 
relied upon cisterns not exceeding 22 m? (Mantellini 
2007, 136, table 2). A further hint comes from the 
comparison with other Mediterranean settlements 
(see Table 6), where the small-scale cisterns prevail 
and are related to individual houses. 


Water is certainly the basic resource for human life 
and the cisterns of Pantelleria testify to the efforts of 
the inhabitants to collect and store as much rain 
water as possible during the rainy season. Since 
ancient times the inhabitants of Cossyra had to opti- 
mise the few resources available on the island 
because of the climate and environmental constraints. 
It is worth noting that even today the geographical 
position and the hostile weather conditions isolate 
Pantelleria from the nearest coasts of North Africa 
and Sicily many days each year. This explains the 
large exploitation of the inland areas for agricultural 


Figure 9 Acropolis-San Marco Hill from a 2008 aerial photograph (from West). Many cisterns (typically bathtub and bottle- 
shaped) are visible after the German-ltalian excavation (Courtesy of Thomas Schafer, Grabungsarchiv Pantelleria, Institut fiir 


Klassische Archaologie, Universitat Tibingen). 
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Figure 10 Detail of the system of interconnected cisterns (nos. 421, 423 and 579) discovered on the Acropolis of San Marco 
(Courtesy of Thomas Schafer, Grabungsarchiv Pantelleria, Institut fir Klassische Archaologie, Universitat Tubingen). 


purposes, which resulted in a rural terraced landscape 
marked by individual farmhouses, sometimes grouped 
in small clusters. This pattern is somehow reflected 
today (Fig. 8) by the dammusi, individual households 
equipped with stable, oven, threshing floor and any 
other structure useful to accomplish all the basic 
needs for the family unit throughout the year 
(D’ Aietti 2008, 51-74). Like for the Hellenistic house- 
hold (Crouch 1993, 22), an indispensable feature of 
this individual unit is the presence of at least one 
cistern so to have safe water supply especially during 
the dry seasons and drought periods. 

The Acropolis reflects well the historical settlement 
trend of Pantelleria but it also represents an exception 
to the rural pattern described above. After the first 
Punic occupation, this area experienced a radical 
spatial reorganization between the 2nd and the Ist 
centuries BC (Osanna 2006, 49), as demonstrated by 
the fact that several Punic cisterns were reused while 
others were built anew (Capozzoli and Osanna 2009, 
195) (Fig. 9). Although small cisterns were found in 
connection to private houses, the high concentration 
of cisterns on the Acropolis suggests their public use 
during both Punic and Roman times (Osanna 2006, 
38), in particular the cisterns in the saddle between 
San Marco and Santa Teresa (Osanna ef al. 2003, 
87). In the Punic period such a large storage would 
have likely served ritual purposes or in case of a 
siege (Capozzoli and Osanna 2009, 200). On top of 
the San Marco Hill, overlooking the harbour and 
the urban area, the presence of the only ancient 
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system of interconnected cisterns (Castellani and 
Mantellini 2006, 121; Mantellini 2006, 474; Osanna 
2006, 39) (Fig. 10) might be seen in relation to the 
presence of a sanctuary (Osanna et al. 2003, 69). A 
similar situation was found in Tharros, where the 
two biggest cisterns are interpreted in connection to 
monumental temples or possible public use 
(Mezzolani Andreose 2014, 147). Four Roman cisterns 
(Z 8-9, Z13-14 and Z39), with massive walls and 
located at the corners of the temenos, possibly served 
for water collection and even for defensive purposes 
(Capozzoli and Osanna 2009, 207-208). 

Water storage on the Acropolis increased notably — 
more than double — from 195-6 m? of the Punic period 
to 472-8 m* of the Roman time (Schén 2014, 109, 
table 3). The same development characterises other 
Mediterranean settlements, in particular Carthage. 
There, beside the former Punic cisterns, the advance 
in hydraulic engineering and the introduction of vault- 
ing techniques in Roman time made possible the con- 
struction of new and bigger cisterns, often arranged in 
parallel chambers as for La Malga and Bordj Jedid 
(Wilson 1998, 74-84). These large cisterns were fed 
by different branches of the 90 km long Zaghouan 
aqueduct, and then exploited to satisfy the increased 
water demand due to baths, pools, fountains and irri- 
gating cultivated plots (Wilson 2008, 289). 

Carthage, Ibiza and Sardinian urban centres in the 
Roman period, as well as Crete and the Greek cities 
during the Hellenistic age, improved their water 
supply, both for private and public use. This was 
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accomplished by combining different hydraulic 
solutions like perennial springs, wells, reservoirs, aque- 
ducts and of course cisterns. Pantelleria, instead, could 
survive and develop only thanks to the cisterns and 
there was no chance for additional water from either 
aqueducts or any other hydraulic solution. There, the 
early supply of water ensured by wells (buvire) could 
not support a systematic occupation of the territory 
since these wells could only be dug where the shoreline 
is shallow, and not in the remote and hilly inland areas. 
A second reason can also be seen in the quality of the 
water drawn from the buvire, which is salty and barely 
potable. This is reflected in the huge amount of cis- 
terns, both ancient and modern, discovered during 
the archaeological survey and excavation, without 
considering that more have disappeared or lie buried 
underground. 


Capacity 

Most of the cisterns found on Pantelleria have a 
capacity within 50m? (see Table 4). Many cisterns 
(30 over 118), including the ancient, the modern and 
even those undated are less than 10 m*, Assuming 
the lack of other cisterns, it means that the potential 
storage of 10,0001, found in many cisterns of 
Pantelleria would have been potentially sufficient to 
sustain any household connected to it. 

According to Gleick (1996, 84) ‘the minimum water 
requirement for humans ... can be defined only for 
maintaining human survival’, thus it is very difficult 
to establish the exact rate for drinking, food prep- 
aration, bathing, livestock, minor irrigation and 
other activities. This minimum need can be estimated 
as 2-4-51/person per day in a recommended diet of 
2000-3000 Keal (Gleick 1996, 84, 88). Almost the 
same consumption (2—3-51/person) has been esti- 
mated for ancient Sardinia (Crasta et al. 1982, 44). 
In ancient Egypt and the Middle East, Bonnin 
(1984, 32) considers 101/person. In their study on 
Cyrenaica, Lloyd and Lewis (1976, 38) compare the 
water need during Roman time with modern rural 
areas of the eastern Mediterranean and they account 
for 40-85 1/person. 

An evaluation of the rate between water supply and 
demand can be conjectured for Pantelleria by consid- 
ering the following assumptions. First, a rainfall 
regime of 410mm /year (see Table 1) according to 
the data recorded in the period 1926-1985 at the 
local meteorological station (Duro et al. 1996 in 
Gianguzzi 1999, 21, table 2). Second, a water loss of 
20% due to evaporation is also estimated for Ibiza 
(Puig Moragon et al., 51). Third, a catchment basin 
of 40 m*. There is no archaeological record concerning 
the roof covering of ancient houses in Pantelleria and 
the catchment basin can be estimated due to the tra- 
ditional rural living unit of Pantelleria (dammuso). 


Table 7 Estimated water storage fluctuation considering 
seasonal supply and monthly abstraction, and assuming an 
impluvium of 40 m? and a daily consumption of 36 | /day per 
individual (1-080 m® for 30-day months, 1-116 m® for 31-day 
months and 1.008 m® for February) 


Monthly Storage Storage with Remaining 


average without 20% at the end 

rainfall evaporation evaporation of the 
Month (mm) (m*) (m°) month (m?) 
September 32-3 1.292 1-0336 —0-0464 
October 58-1 2.324 1.8592 0-7432 
November 64.3 2.572 2.0576 1-7208 
December 63-0 2:52 2.016 2.6208 
January 64-4 2.576 2.0608 3-5656 
February 43-4 1-736 1.3888 3-9464 
March 31-3 1.252 1.0016 3-832 
April 26-4 1.056 0.8448 3-5968 
May 12.4 0-496 0.3968 2.8776 
June 4.0 0-16 0-128 1-9256 
July 0-5 0-02 0-016 0-8256 
August 8-8 0-352 0.2816 —0-0088 


According to D’Aietti (2008, 53) the oldest dammuso 
on the island is very basic and it measures 37-5 m* 
(6-70 x 5-60 m). This calculation refers only to the 
space covered by living rooms and kitchen, without 
considering stable, warehouse and_ additional 
connected structures. 

According to these values, the potential water stored 
in a year amounts to 16,4001 (16-4 m?), i.e. 13,1201 
(13-12 m?) after evaporation. It means a likely period- 
ical replenishment of the cisterns, especially those with 
a capacity under 10 m°, which correspond to the most 
numerous class on the island. Considering this amount 
of water through one whole year, the daily consump- 
tion can be estimated in 361 per unit, hence 
7-21/person for five people or 61/person for six 
people. This figure fits with the minimum daily need 
theorised by Gleick (1996, 84), and the potential 
surplus of water had to be employed for watering 
animals, irrigating small plots of vegetables, and 
other needs. 


Daily Use and Seasonality 
Some interesting considerations arise from _ the 
capacity of the cisterns in relation to the monthly pre- 
cipitation and the water demand. Such an attempt was 
done for the Cypriot island of Geronisos (Connelly 
and Wilson 2002). Although smaller than Pantelleria 
and without significant permanent settlements, the 
island of Geronisos has an environmental and climatic 
situation similar to Pantelleria. The only means of 
supply is the precipitation being harvested into cis- 
terns. It is remarkable that the case of Geronisos is 
more suitable for such a calculation because the cis- 
terns are only two and both capacity and impluvium 
of each one are well known. 

The calculation for Pantelleria (Table 7) refers to a 
virtual scenario based on the conditions of 
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Table 8 Proximity analysis considering the bottle-shaped cisterns with a capacity <10 m® and additional cisterns discovered 


nearby 
Cistern Proximity 
No. Location (contrada) Capacity (m’) Cistern Type Capacity (m’) Distance 
29 San Marco 6-6 25 Potential bottle-shaped n/a 23mS 
43 San Marco 3-5 42 Bottle-shaped n/a 22m 
44 Potential bottle-shaped n/a 23mS 
135 Mueggen 0-5 139 Unknown n/a 43m 
134 Bottle-shaped n/a 44m SE 
132 Bottle-shaped n/a 7IMmE 
131 Bottle-shaped n/a 73m NE 
191 Khamma 9-3 190 Bottle-shaped 28-8 11m 
194 Potential bottle-shaped n/a 37m SW 
198 Khamma 7-0 199 Bottle-shaped remade n/a 28 m NW 
246 Ghiranda 0-83 247 Unknown n/a 44mS 
245 Undated vaulted n/a 63 m NW 
270 Monastero 8-1 271 Bottle-shaped n/a 60 m W 
272 Unknown n/a 70m NW 
383 Margana 46 384 Bottle-shaped 5-4 12m 
424 Bottle-shaped n/a 57m SE 
384 Margana 5-4 383 Bottle-shaped 46 12mS 
384 Bottle-shaped n/a 62m SE 
410 Margana 9-0 406 Bottle-shaped n/a 86m 
428 Cuddia Bruciata 8-9 432 Bottle-shaped n/a 53m 
432 Potential bottle-shaped n/a 65 m NW 
552 Khamma Fuori 10-0 551 Undated vaulted n/a 18mMmE 
561 Undated vaulted n/a 40 m SW 
562 Undated vaulted n/a 51m SE 
543 Bottle-shaped n/a 73m SE 


Cisterns on the Acropolis were not considered. 


precipitation, evaporation and the harvest basin 
described above. When the rainy season starts in 
September the consumption (1-080 m?) almost equals 
the supply (1-033 m*) with a deficit in the demand of 
46-41 (0-0464 m°). Later the cistern is replenished 
and the largest filling occurs at the end of February 
(3-9464 m*). The following months see a decrease in 
rainfall and the beginning of the dry season. The 
summer months have virtually no precipitations, thus 
at the end of July the cistern is almost empty with 
less than 1m? of water remaining. In August the 
water demand slightly exceeds the supply for 8-81 


Table 9 The same calculation as the one reported in Table 6 
with an increased harvesting area (50 m?) 


Monthly Storage Storage with Remaining 


average without 20% at the end 

rainfall evaporation evaporation of the 
Month (mm) (m°) (m’) month (m°) 
September 32-3 1-615 1-292 0-212 
October 58-1 2.905 2.324 1.208 
November 64.3 3-215 2.572 2.7 
December 63-0 3-15 2.52 4.104 
January 64-4 3-22 2.576 5-564 
February 43-4 2:17 1-736 6-292 
March 31-3 1-565 1.252 6-428 
April 26-4 1.32 1-056 6-404 
May 12.4 0-62 0-496 5-784 
June 4.0 0-2 0-16 4.864 
July 0-5 0-025 0-02 3-768 
August 8-8 0.44 0-352 3-004 


According to this scenario there is no deficit between water 
supply and demand even during the dry months. 
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(0-0088 m3) so that the cistern would be empty at the 
end of the summer. 

The figure resulting from these tentative models 
raises some interesting observations. The first point 
concerns the months with negative ratio between 
water demand and supply. The difference of 8-81 in 
September and 46-41 in August corresponds roughly 
to the consumption estimated for a single day. It is 
therefore possible that the inhabitants optimised the 
water collected during the rainy months in order to 
have enough water stored into the cisterns for the 
dry season. Considering that even today the cisterns 
are cleaned and maintained once a year or every two 
years (Mantellini 2014, 84), it seems plausible to con- 
sider August as the most suitable period for such oper- 
ations, since the cisterns are empty and precipitation is 
almost absent. It is interesting to note that in 
Geronisos — as opposed to what has been recorded 
on Pantelleria — the suitable time for annual cleaning 
is envisaged at the end of October, when the cisterns 
are empty or nearly so (Connelly and Wilson 2002, 
288). 

A second aspect takes into account the spatial distri- 
bution of the cisterns. It is reasonable to assume that in 
particularly dry years, and when the cistern was empty 
because of seasonal maintenance, the household had 
to rely upon an additional water source, i.e. a second 
cistern. This is particularly important for the cisterns 
with a very low capacity (<10 m°), where the replen- 
ishment was uncertain because of low rainfalls. The 
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proximity of the 20 bottle-shaped cisterns with smaller 
capacity (1-10m7°) deserves particular attention 
(Table 8). These cisterns are often very close to other 
similar structures at a distance of only 10 or few 
more metres. Moreover, many of the nearest cisterns 
are of the same bottle-shaped type, suggesting that 
they might have been used contemporaneously. Nine 
cisterns, located on the Acropolis (nos. 002, 576, 577, 
590, 592, 593, 594 on San Marco Hill; no. 017 on 
Santa Teresa Hill), present a case for additional 
water supply. The same can be said for cisterns nos. 
029 and 043, respectively located at the western and 
northern foothills of the Acropolis. On the contrary, 
two cisterns seem to be completely isolated. Cistern 
no. 410 (contrada Margana), where the nearest 
bottle-shaped cistern is 86m at North, and cistern 
no. 552 (contrada Khamma), are surrounded by 
three undated vaulted cisterns with unknown capacity. 
It must be however remarked how these data came 
from a field survey that, though as accurate as poss- 
ible, could only detect cisterns visible on the surface. 
It is therefore likely that unknown cisterns were con- 
structed close to the above-mentioned examples. 

Finally, the figure described above refers to a basic 
situation, which considers the cisterns with low 
capacity (<10 m*) and a roof of 40 m”. The presence 
of larger cisterns with a bigger capacity testifies to 
the possibility of storing large amounts of water by 
using more roofs at the same time. This is an impor- 
tant issue in a waterless island like Pantelleria, where 
the water stored into the cisterns had to fulfil all the 
main needs of the population in terms of survival 
and productive activities. The harvest of water 
increases sensibly (Table 9) by adding a minimum 
surface of 10m? from the roof of other structures 
(stable, pigsty and warehouse), forming the typical 
rural farming household. Assuming conditions 
similar to those presented in Table 7, there is no 
deficit in water supply, and the cisterns are not comple- 
tely empty at the end of the dry season. The potential 
surplus could be used for additional daily needs by 
humans, or it could otherwise be exploited for live- 
stock, agriculture or any other activities. 


Conclusion 

The large amount of both ancient and modern cis- 
terns on Pantelleria represents a unique case in the 
Mediterranean. Not only the water supply of the 
island relies entirely on the water stored inside the 
cisterns, but many of them are securely dated to 
ancient times and are still exploited today. The cis- 
terns are still essential in the daily water supply of 
Pantelleria and the recent construction of two desali- 
nization plants only partially solved the problem of 
water supply. Unlike other well-known settlements, 
the discovery of the cisterns of Pantelleria resulted 


from a systematic and focussed survey. On this 
matter it is remarkable how the amount of cisterns 
and our knowledge on their usage could increase in 
the future through more extensive surface surveys 
and focussed excavations. Pantelleria shows how cis- 
terns can be used as archaeological markers for the 
identification of sites and for the interpretation of 
settlement patterns. They also allow for interesting 
comparisons to be made with settlements sharing 
the same environmental and climatic conditions. 
The present work provided evidence of a general 
increase in the availability of water after the 
Romanization of the Mediterranean. While the 
major Mediterranean centres could combine different 
hydraulic systems, especially aqueducts and monu- 
mental cisterns, the water supply of Pantelleria contin- 
ued to be based solely on the storage of rainfall into 
cisterns. It is also remarkable how, differently from 
Carthage and other urban settlements that had very 
large reservoirs and cisterns in the Roman period, 
Pantelleria preferred the use of small and medium cis- 
terns. In fact, to the present no cistern bigger than 
70m? has been recorded on the Acropolis of 
Pantelleria (see Table 5). 

The cisterns so far discovered belong to different 
types and have different capacities. However, a first 
analysis proved that they offered enough capacity to 
sustain the local population, during ancient times as 
much as today. 

A final consideration is also worth noting. The 
chronological gap between the Bronze Age occupation 
of Mursia in the 14th century BC and the first signifi- 
cant settlement development in the 4th—2nd centuries 
BC cannot be explained by the lack of skill in hydraulic 
works. In those centuries, in Italy the Etruscans devel- 
oped several solutions in water supply and drainage 
(Bergamini 1991) that later became the basis of 
Roman hydraulic engineering. Experience in storing 
rain water and run-off into cisterns and coating 
technology were known since the Chalcolithic (4th mil- 
lennium BC) in the Levant (Miller 1980, 335), as well as 
by the Minoans and Myceneans (end of the 3rd—2nd 
millennia BC), and later Hellenistic, civilizations in the 
Mediterranean (Antoniu et al. 2006; Angelakis et al. 
2013; Mays et al 2013). The lack of settlement in 
Pantelleria at that time can be therefore explained by 
the fact that, after obsidian was replaced by metal, 
there was no real interest in occupying the island, also 
considering the low attractiveness of Pantelleria for agri- 
culture and animal breeding. A huge investment would 
have been required to furnish the island with the most 
fitting water supply. This occurred only when the 
Carthaginians needed to occupy Cossyra because of its 
strategic location, and they transferred onto the island 
all their experience and skill in building underground 
cisterns to store rain water. 
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